Lymph node (LN) macrophages play critical roles in anti-tumor immunity, which develops via the activation of cytotoxic T cells (CTL) and NK cells. The present study aims to determine the prognostic significance of CD169 + LN macrophages in patients with endometrial carcinoma (EC). 
L ymph nodes (LN) are one of the initial organs that dominate immune responses to immunogenic antigens, such as those derived from pathogens or tumor cells. In the case of antitumor immunity, regional lymph nodes (RLN) that drain various malignant tumors are thought to be the first site where the immune system makes contact with tumor cells or their products. (1) Fragmented dead tumor cells can flow into the sinus area of the RLN via lymphatic vessels and then can be endocytosed by a specialized type of resident macrophage, known as sinus macrophages. (2) Sinus macrophages internalize, process and present antigens on MHC I complexes, and induce activation of tumor antigen-specific T-cell and B-cell responses. (3, 4) These findings may indicate that the actions of sinus macrophages in RLN represent a critical component of the antitumor immune response.
Sinus macrophages in the LN specifically express CD169, a transmembrane receptor that is also known as sialoadhesin or sialic acid-binding lectin (Siglec)-1. (5, 6) CD169 binds sialylated glycoproteins, including CD43 (sialophorin) and MUC1, and is involved in mediating both cell-cell adhesion and cell-pathogen interactions. (6) (7) (8) CD169 is also involved in hematopoiesis and the activation of B, T and NK cells. (6, 9) Previous studies of CD169-deficient mice suggested that CD169 might exacerbate disease in experimental autoimmune encephalomyelitis by inhibiting regulatory T-cell accumulation. (10) In other studies, CD169 + liver macrophages have been shown to promote the cluster formation and the subsequent activation of both CD4 + and CD8 + T cells. (11) CD169 + sinus macrophages can also activate NK cells by responding to lymph-borne viral particles. (12) These findings suggest that CD169 + macrophages have proinflammatory functions related to T-cell and NK cell activation.
Endometrial cancer (EC) is the most common malignant gynecological disease, with an incidence of approximately 287 000 new cases per year, and represents the sixth most common cancer in women worldwide. (13, 14) Recently, the incidence rates of EC have continually increased. Most patients with early-stage EC have an excellent outcome because of effective treatment options, including total hysterectomy and bilateral salpingooophorectomy with systematic pelvic ⁄ para-aortic lymphadenectomy. High-grade EC, however, show a poor prognosis, despite performing adjuvant therapies that include radiotherapy and chemotherapy. Therefore, alternative therapeutic strategies, such as immunotherapy, are thought to be necessary. (15) EC with a high density of intratumoral CD8 + T-cell infiltration have been established to show a favorable prognosis. (16) (17) (18) Clinical trials of immunotherapies targeting several tumor antigens, such as Wilms' tumor gene 1 (WT1) (19) and survivin, (20) have been performed in patients with EC. For example, three out of four Human Leucocyte Antigen-A2-positive EC patients showed tumor regression based on vaccination of autologous dendritic cells electroporated with WT1 mRNA. (20) Together, these findings indicate that enhancing the anti-tumor activity of CD8 + cytotoxic T cells and ⁄ or NK cells represents an attractive potential therapy for various malignancies.
Asano and colleagues found that CD169 + LN macrophages could engulf tumor cell antigens and provoke the proliferation of antigen-specific CD8 + cytotoxic T cells in a mouse tumor transplantation model. (21) Bernhard and colleagues show that CD169 + LN macrophages could induce antigen-specific cytotoxic T-cell responses in dendritic cell-depleted mice. (22) Together, these findings suggest that CD169 + macrophages play an important role in tumor antigen-targeted immunotherapy by presenting tumor antigens to cytotoxic lymphocytes. However, interactions between CD169 + macrophages and antitumor immune responses in human EC patients have not yet been fully addressed. Therefore, we investigated potential correlations between CD169 + RLN macrophages and infiltrating immune cells by immunohistochemistry using pathological specimens that we obtained from patients with EC.
Materials and Methods
Patients. In this study, paraffin-embedded specimens of primary lesions and RLN resected from 79 patients with EC who had undergone surgery at Kumamoto University Hospital between 2003 and 2007 were used. Patient characteristics are indicated in Table S1 . The right obturator or internal iliac lymph nodes were dissected as RLN. All patients provided informed written consent for participation in this study, in accordance with protocols approved by the Kumamoto University Hospital Review Board.
Immunostaining and double immunostaining. Tissue samples from EC lesions or RLN were routinely fixed in 10% neutral buffered formalin and embedded in paraffin. All 3-lm serial sections were stored in a deep freezer until immunostaining was performed. Antigen retrieval was performed as follows: sections were immersed in 1-mM ethylenediamine tetra-acetic acid solution (pH 8.0), and samples were heated in a microwave (95°C, 5 min) for CD169 staining (clone HSn 7D2; Santa Cruz Biotechnology, Santa Cruz, CA, USA) or using a pressure cooker for staining CD68 (clone PG-M1; Dako, Glostrup, Denmark), CD57 (clone NK-1; Leica, Wetzlar, Germany) and CD8 (clone C8 ⁄ 144B; Nichirei, Tokyo, Japan). An isotype-matched mouse IgG (Dako) antibody was used as a negative control. Following incubation with primary antibodies, samples were incubated with an HRP-labeled goat anti-mouse antibody (Nichirei). Immune reactivity was visualized using a diaminobenzidine substrate system (Nichirei). Double immunostaining of CD169 and CD57 in RLN was performed as described previously. (23) Briefly, sections were incubated with an anti-CD57 antibody, staining was visualized using DAB, and then slides were washed with citrate buffer (pH 2.2). Sections were then incubated with anti-CD169 antibodies and visualized using HistoGreen (Linaris, Dossenheim, Germany).
Macrophages counts in regional lymph nodes and assessments of CD8
+ T-cell and CD57
+ NK cell infiltration in primary lesions. It Fig. 1 (23) Statistical analysis. Statistical analyses were carried out using JMP 10 (SAS Institute, Chicago, IL, USA). Associations between different categorical variables were assessed using multivariate analysis. The cumulative survival rate was compared between two groups via the log-rank test and generalized using the Wilcoxon test. Simultaneous relationships between multiple prognostic factors for survival were assessed using the Cox proportional hazards model with stepwise backwards reductions. Multivariate analysis included adjustments for age, clinical stages, histological grades, LN metastasis, the ratio of CD169 + -to-CD68 + cells in RLN, and the number of CD57 + cells in tumor tissue. A Pvalue < 0.05 was considered to represent a statistically significant difference.
Results

Fewer CD169
+ sinus macrophages in regional lymph node from endometrial carcinoma patients with advanced-stage or lymph node metastasis. We first performed immunostaining to investigate CD68 and CD169 expression in RLN obtained from all EC patients. In patients with LN metastasis, RLN that contained no metastatic carcinoma cells were used for these evaluations. The RLN sinus could be clearly identified as a demarcated area filled with macrophages by both H&E staining and immunostaining. All sinus macrophages were positive for the pan-macrophage marker CD68, while the number of CD169 + sinus macrophages varied in each patient (Fig. 1) . In addition, the sinus macrophages around metastatic carcinoma cells were completely negative for CD169 in RLN of patients with LN metastasis. Similar results were found in other pelvic RLN such as iliac, inguinal or sacral LN (Table S2) . We then analyzed correlations between the clinicopathological features and the number of sinus macrophages in patients with EC. We counted CD68 + and CD169 + cells in the sinus areas, and subsequently classified patients into two groups (those with a low or high cell number) based on the adequate cut-off value, which was selected by using a comparable categorization while referring to the median count. Statistical analyses showed that fewer CD169 + cells and a lower ratio of CD169 + -to-CD68 + macrophages were strongly correlated with an advanced clinical stage or LN metastasis; however, the number of CD169 + cells per mm 2 and ratio of CD169 + -to-CD68 + macrophages were not associated with age, grading, depth of muscle invasion, vascular invasion or menstruation ( Table 1) .
Association of a high density of CD169 + sinus macrophages with a good prognosis in endometrial carcinoma patients. The number of CD169 + cells per mm 2 and the ratio of CD169 + -to-CD68 + macrophages were significantly correlated with more favorable overall survival in a univariate analysis (log-rank test, P = 0.0139 and P = 0.0042, respectively), but our multivariate analysis indicated that there was no significant correlation ( Table 2 , Fig. 2 ). In addition, no correlation existed between the number of CD68 + RLN macrophages and overall survival (Fig. 2) . A younger age (<60 years), a lower clinical stage (stage 1), a low histological grading (grade 1) and the absence of LN metastasis were also associated with longer overall survival in the univariate analysis (Table 2) . Multivariate analysis showed a significant correlation between overall survival and age, grading, and LN status ( Table 2) .
Density of CD169
+ sinus macrophages correlated positively with CD8 + T-cell or CD57
+ NK cell infiltration in tumor tissues. We next analyzed potential associations between CD169 + RLN macrophages and tumor-infiltrating CD8 + T cells or CD57 + NK cells in tissues from EC patients. The number of both CD8 + T cells and CD57 + NK cells in tumor nests and tumor stroma increased significantly when CD169 + RLN sinus macrophages were abundant (Fig. 3a) . The number of CD169 + cells and the ratio of CD169 + -to-CD68 + cells correlated positively with the number of CD8 + T cells or CD57 + NK cells in tumor nests and tumor stroma (Fig. 3b) . EC patients with abundant CD57 + NK cell infiltration had a more favorable overall survival; however, the number of CD8 + T cells in tumor tissue was not associated with overall survival in EC patients (Table 2, Fig. 3c) .
Although CD169 + sinus macrophages exhibited direct contact with CD8 + T cells that expressed CD43, a major ligand of CD169, in the sinus area of RLN in colorectal cancer patients, (23) whether interactions occur between CD169 + sinus macrophages and CD57 + NK cells in RLN has remained unclear. To investigate the details of interactions between macrophages and NK cells in RLN, we performed double immunostaining using monoclonal antibodies for CD169 and CD57. We found that approximately 10% of CD169 + cells made direct contact with CD57 + NK cells in the sinus area of the RLN (Fig. 3d) .
Discussion
In this present study, we observed greater numbers of CD169 + cells and ratios of CD169 + -to-CD68 + macrophages in cases of EC with an early clinical stage or no LN metastasis; these findings were significantly correlated with a more favorable overall survival of EC patients. The significant correlation between the number of CD169 + sinus macrophages and density of infiltrating CD8 + T cells and CD57 + NK cells in the primary lesions suggests that CD169 + RLN macrophages are closely associated with the activation of cytotoxic lymphocytemediated antitumor immunity.
Although many previous studies of CD169 + macrophages had led to advances in understanding the distribution of these cells among various macrophage subsets in rodents, only a few have described the regulation of CD169 expression in human macrophages. (5, 6) Previously, we showed that a high number of CD169 + sinus macrophages were closely associated with a better prognosis and a higher density of infiltrating CD8 + T cells in tumors of patients with colorectal carcinomas or melanomas. (23, 24) Although the density of CD169 + macrophages in RLN was not an independent risk factor for overall survival by multivariate analysis, a higher number of CD169 + macrophages and an increased ratio of CD169 + -to-CD68 + macrophages in RLN were both significantly associated with a better clinical prognosis in patients with EC. Moreover, we found that the density of CD169 + macrophages was positively correlated with the number of CD8 + T cells and CD57 + NK cells in tumor tissues. These findings suggest that CD169 + sinus macrophages might activate cytotoxic lymphocyte-mediated anti-tumor immunity in EC.
Generally, NK cells are considered to be important for immune responses to malignant tumors in humans. Previous studies have examined associations between NK cell infiltration into tumors in patients with breast cancer, (25) vulvar cancer (26) and colorectal cancer, (27, 28) and renal cell carcinoma; (29) however, the significance of NK cells in patients with EC had not yet been reported. The present study reveals that EC cases with abundant NK cell infiltration showed better overall survival. Moreover, the number of CD57 + NK cells in tumor tissues was an independent risk factor for overall survival. Garcia and colleagues showed that CD169 + macrophages promoted the accumulation and activation of NK cells after they engulfed viral particles. (12) Coombes and colleagues demonstrated that CD169 + sinus macrophages which have inflammatory functions are necessary to NK cell activation in the lymph node sinus area.
(30) Therefore, we decided to investigate the relationship between CD169
+ sinus macrophages and NK cells. By immunohistochemistry, we demonstrated that CD169 + macrophages made direct contact with CD57 + NK cells in the sinus areas of RLN, and that a higher density of CD169 + RLN sinus macrophages was correlated with increased numbers of infiltrating NK cells in tumor tissues. Because all infiltrating macrophages in tumor tissue were negative for CD169 (data not shown), the interaction between CD169 + macrophages and NK cells was shown not in local tumor tissue but in lymph nodes. Although the full mechanism underlying CD169 + macrophage-mediated NK cell activation remains unclear, our findings suggest that CD169 + macrophages play important roles in anti-tumor immunity in patients with EC by activating NK cells.
Our previous and present studies together show that the number of CD169 + sinus macrophages in human LN varies considerably, although the number of total sinus macrophages remains approximately constant. However, the reason for this variation in CD169 expression has remained obscure. In the present study, we chose to but examine LN sinus macrophages that were limited to the right obturator or internal iliac LN, we note that we obtained similar data from other RLN, such as the iliac or sacral LN (Table S2 ), suggesting that CD169 expression varied systemically rather than focally. We propose the following two potential mechanisms for the regulation of CD169 expression: (i) CD169 expression is different between individuals; and (ii) yet to be characterized lymph-borne effector molecules from tumors suppress CD169 expression. As one potential mechanism, an IFN-a secretion by cells in RLN might be a strong regulator of CD169 expression, as IFN-a-secreting cells are in close proximity to CD169 + sinus macrophages in the RLN and IFN-a can induce robust CD169 expression in human macrophages. (23, 24) Further experiments will be needed to more completely elucidate the mechanisms that regulate CD169 expression in human LN. With a previous paper describing that an activation of NK cells could be enhanced by an IFN-a secretion in the LN sinus area, (12) the CD169 + macrophage-mediated NK cell activation also might be regulated by IFN-a-secreting cells.
In conclusion, we have demonstrated the prognostic significance of CD169 + sinus macrophages in the RLN of patients with EC. A greater number of CD169 + macrophages and an increased ratio of CD169 + -to-CD68 + macrophages in the RLN were significantly associated with a better clinical prognosis. CD169 + sinus macrophages found in RLN may, therefore, be involved in cytotoxic T-cell-mediated and NK cell-mediated antitumor immunity. Evaluation of CD169 protein expression in RLN may aid estimations of clinical prognoses and improve the monitoring of anti-tumor immune responses in patients with EC.
